In VRAD mission of SELENE (KAGUYA), the differential phase delay estimation of Rstar and Vstar by using the multi frequency VLBI method is carried out in the period of the switching VLBI observation. The determination of the cycle ambiguity is succeeded and the differential phase delay is estimated within the error of 7 pico-seconds. The RMS error is somewhat large as compared with that for the case of the same beam VLBI because fluctuations of propagation delays whose period are shorter than the switching interval cannot be canceled out between Rstar and Vstar. However, the differential phase delay in the period of the switching VLBI is accurate enough and can be useful for the precise orbit determination and the lunar gravity field estimation in addition to Doppler and range measurements.
Introduction
The gravity field of the Moon is key information to know the origin and the evolution of the Moon. However, lack of accurate gravity field information especially for the far side and the limb region of the Moon restricted accuracy of the moment of inertia of the Moon 1)2) . In order to improve accuracy of the lunar gravity field especially for the limb region of the Moon, the differential VLBI observation in VRAD (the differential VLBI RADio sources) mission have been carried out in the Japanese lunar explorer SELENE (KAGUYA) 2) .
A differential phase delay (DPD) which is a doubly differenced delay between the two sub-satellites of SELENE, called Rstar and Vstar, is sensitive to the relative position and velocity of R/Vstar in the direction perpendicular to the line-of-sight (LOS). On the other hand, Doppler and range are sensitive to the LOS direction. Therefore, R/Vstar's three-dimensional motion and the lunar gravity field can be determined precisely by combining these measurements. From the simulation result, it is expected that the low degree coefficients of the lunar gravity field will be derived accurately more than one order of magnitude than the previous result 3) .
The DPD estimation of R/Vstar is succeeded while the periods of the same beam VLBI observation 4) . The RMS error of the DPD in a 60-second integration interval is about 2 ps for Japanese four baselines. This result confirms that the desired accuracy of VRAD, which is 3.3 ps in a 110-second integration interval, can be achieved 2) .
However, the period of the same beam VLBI observation accounts for about 60 % of the total observation period in VRAD 5) . In order to estimate the lunar gravity field up to the desired accuracy of VRAD, the DPD in the period of the switching VLBI observation is important. Although it is difficult to estimate the DPD when the climate condition is cloudy and/or the traveling ionospheric disturbance occurs in the ionosphere above the VLBI station 5) , there are the cases in which the DPD estimation is succeeded. In this paper, the method how to estimate the DPD in the period of the switching VLBI observation and its result are shown. The brief overview of the VRAD system, the VLBI network, the switching and the same beam VLBI observation method are also shown.
VRAD system

On-board system
The VLBI radio sources RAD1 and RAD2 are loaded on R/Vstar 2) . The three S-band (S1, S2, and S3) and one
Only the X-band signal from Rstar is the noise signal whose bandwidth is 100 kHz and the other are the carrier wave signal.
Ground system
The narrow bandwidth VLBI back-end system is used for VRAD 6) . The system is composed of the phase calibrator, the low-pass filter, and the low-rate sampling and recording system, called S-RTP station. The sampling rate and the quantization bit of S-RTP are 200 ksps and 6 bits, respectively. The three S-band and one X-band signals are recorded in four channels of S-RTP separately.
Data processing
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The original software constructed for VRAD mission is used for data processing 6) . The software is composed of the correlation module and the delay estimation module which corresponds to the MFV method. The correlation process is carried out by FX mode. In the course of calculating the residual fringe phase (RFP) from the cross-correlation function, only several Fourier components which correspond to the carrier frequency and its vicinity are picked up. Because the bandwidth of the signal from R/Vstar is very narrow, less than 10 Hz, it is possible to reduce the noise and obtain a high SNR.
VLBI network
The VLBI network of VRAD consists of domestic four Japanese stations of VERA: MIZUSAWA, OGASAWARA, ISHIGAKI, and IRIKI. The Observation is carried out at three days in a week and it continues about 9 months. After the nominal mission, the extend mission is also planned. In addition to the Japanese four stations, four foreign stations: SHANGHAI, URUMQI (China), HOBART (Australia), and WETTZZEL (Germany) participate twice in intensive observations each of which consists of one month period. The intensive observations are planned to be carried out on January and May, 2008. 
Application of switching and same beam VLBI observation for MFV method
The phase delay method by the multi-frequency VLBI (MFV) method is proposed for VRAD by evolving the conventional group delay method 7) . The four different frequency signals whose frequencies are allocated to resolve the cycle ambiguity are used in VRAD. In order to decide the unique value of the cycle ambiguity, the three conditions on MFV method must be satisfied: First, the RMS error of the differential residual fringe phase (DRFP) of the signals from R/Vstar, s and x , must be less than 4.3 degrees in the S-band and 179 degrees in the X-band signals. Second, the doubly differenced total electron content (TEC) of the ionosphere through which the four propagation paths from the two spacecraft to two ground stations 2 D must be canceled out or compensated within error of 0.23 TECU (1 TECU is 10 16 el/m 2 ). Third, the a priori delay 2 a priori, which is need for the correlation process, must be known within error of 83 nanoseconds (ns).
In order to satisfy these conditions, two kinds of differential VLBI observation methods are carried out in VRAD. When elongation between R/Vstar is larger than the beam width of the ground antenna ( 0.37 and 0.1 degrees for S-band and X-band signals in the case of VERA 20m antenna), the switching VLBI observation method is chosen. By alternately observing R/Vstar with switching interval of Tsw, the tropospheric and the ionospheric fluctuations whose period is shorter than Tsw can be canceled out. Another method is the same beam VLBI observation method 5)8) . When the elongation is smaller than the beam width of the ground antenna, the middle point of R/Vstar is tracked and their signals can be simultaneously received. In this case, most of the fluctuations are expected to be canceled out. Fig. 2 and Fig.3 shows the RFP of R/Vstar for each scans in the period of the switching VLBI observation. Scan n, n+2, n+4, … is for Rstar and scan n+1, n+3, n+5, … is for Vstar. In the case of the switching VLBI, the DRFP is calculated as follows: At first, the RFP is connected not to have the cycle ambiguity between scans as shown in Fig.  2 and Fig.3 . Secondly, the RFP between scans is interpolated from the polynomial fitting function which is calculated from the RFP of each scans as shown in Fig. 4 . Thirdly, the RFP for each scan is integrated at the first epoch of each scan. Then, the DRFP is calculated from the difference between the RFP of Rstar and Vstar.
Result in the period of Switching VLBI observation
Connection of residual fringe phase
Evaluation for condition of MFV method
Before the estimation the cycle ambiguity from the DRFP, the conditions of the MFV method must be evaluated. The result is shown in Table 1 . Although the RMS error of the DRFP is large compared with that for the same beam VLBI, the condition of the RMS error can be satisfied both for S/X-band. The reason of large RMS is that the fluctuation of the propagation delay whose period is shorter than the switching interval can not be canceled out by the switching VLBI method. The doubly differenced TEC is estimated from the DRFP of S/X-band signals as shown in Fig. 5 5) . The RMS error is 0.01 TECU and TEC does not exceed +/-0.23 TECU. The error of the a priori delay is less than 83 ns under the use of the orbit provided by JAXA.
Estimation of differential delay
Finally, the cycle ambiguity is uniquely estimated as shown in Fig.6 and the differential group/phase delay are estimated by using the cycle ambiguity as shown in Fig. 7 . The temporal trend shown in the differential delay is considered to be caused by the error of the a priori orbit of R/Vstar and it will be disappeared after the improvement of the orbit by the precise orbit determination by VLBI, Doppler and range measurement. Therefore, the accuracy of the differential phase delay is evaluated from the RMS error after the removal of the temporal trend by 4th order polynomial fitting function. The RMS error of the differential phase delay of X-band signal in a 100-second integration interval is 7 ps for IRIKI-OGASAWARA baseline. The bias of the DPD caused by the ionospheric delay is about 0.2 ps after the correction of the ionospheric delay. The RMS error is somewhat large as compared with that for the case of the same beam VLBI which is about 2 ps in a 60-second integration interval. This is because the fluctuation of the propagation delay whose period is shorter than the switching interval cannot be canceled out between R/Vstar.
Conclusion
Next to the differential phase delay estimation in the period of the same beam VLBI observation, that for the switching VLBI observation is demonstrated. As the result, the differential phase delay of X-band signal is successfully estimated without the cycle ambiguity. Although the RMS error of 7 ps in 100-second integration interval is somewhat large as compared with that for same beam VLBI, it can be useful for further study. That is, with the accumulation of the VLBI delay data both in the period of the same beam and switching VLBI, orbit determination and lunar gravity field estimation by using the delay, 2-way and 4-way Doppler, and range data will be carried out.
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